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. The geographic information and annual temperature in different sampling sites of atmospheric PFAAs.... 3  Table S3 . MS parameters, MDLs, LODs, LOQs values and recovery rates for individual compounds of PFAAs...... : "/" means lack of related data.
3 Sampling rate of XAD-PAS is a crucial factor to derive air concentrations from the amounts of chemicals accumulated in the XAD resin. Previous literature suggested the sampling rate of XAD-PAS of 3.5-4.5 m 3 /d for PFASs (Li, Vento et al. 2011 , Liu, Zhang et al. 2015 , Tian, Yao et al. 2018 ). However, the actual sampling rate is dynamically variable, and affected by several factors. In this study, a standard solution containing mass labeled 1,2,3,4-13 C4-PFOA and 1,2,3,4-13 C4-PFOS (20 ng/mL) was spiked directly onto the upper XAD resin in the 
where Ct/C0 represents the measured recoveries of 1,2,3,4-13 C4-PFOA and 1,2,3,4-13 C4-PFOS; V represents absorbent volume, 207.7(cm 3 ); KXAD represent 13 C8-PFOA partition coefficient between air and XAD; t represents sampling time, 30 d; KOW, SW, and SA, represent octanol-air partition coefficient (6.3), water solubility, and air solubility, respectively; PL and R represent liquid vapor pressure and gas constant (8.314 J/(mol·K)), respectively.
The logPL, and logSW values was set as 1.3(Pa), and 0.24 (mg/L) in the present study.
The sampling rate of XAD-PAS was calculated as 3.2 m 3 /d in the selected geographical site. However, higher temperature and wind speed were suggested to have positive effect on sampler uptake efficiency, while negative effect on the sorption capacity. Although the sampling rate of PFAAs were proposed of site-specific under different meteorological conditions, we have not conduct the depuration compounds loss test in all the 23 sampling sites.
Since our calculated XAD-PAS rate value was very close to the recommended rate of 3.5-4.5 m 3 /d for PFAAs, the rate value of 3.2 m 3 /d was used in the present study.
Section S2. PMF analysis and uncertainty assessment
Positive matrix factorization (PMF) is considered an advanced algorithm among various receptor models, which has been successfully applied for source identification of environmental pollutants (Han, Fu et al. 2018; Han Fu et al. 2019 ). PMF has the following advantages: each data point is given an uncertainty-weighting; the factors in PMF are not necessarily orthogonal to each other and there is no non-negativity constraint with PMF. In the present study, PMF 5.0 (US EPA) was used to apportion the contributions of different sources to PFAAs in the atmosphere. The matrix X represents an ambient data set in which i represents the number of samples and j the number of chemical species. The goal of multivariate receptor modeling is to identify sources (p), the species profile (f) of each source and the amount of mass (g) contributed by each source to each individual sample as well as the residuals (eij), as following equation:
(S1)
The PMF solution minimizes the objective function Q based on these uncertainties (u):
The input data files of PMF consist of concentrations and uncertainty matrices, and the uncertainty data were calculated as Equation (S3) as suggested by PMF User Guide. The missing values were represented by average values, while measurements below MDL (method detection limit) were replaced by two times of the corresponding MDL values. The "weak" variables were down-weighted, while "bad" variables were omitted form the analysis process.
(S3)
The model was run 20 times with 49 random seeds to determine the stability of goodness-of-fit values.If the number of sources is estimated properly, the theoretical Q value should be approximately the number of degrees of freedom or the total number of data points. Three to six factors were examined, and four factors were found to be the most appropriate and most reasonably interpretable. Q (True) is the goodness-of-fit parameter calculated including all points, while Q (Robust) is the goodness-of-fit parameter calculated excluding points not fit by the model, Q (Robust) and Q (True) were 21672.9 and 25935, respectively, with Q(true)/Qexp value of 12.56. Additionally, approximately 97% of the residuals calculated by PMF were within the range of -3 to 3, indicating a good fit of simulated results. The factor did not show oblique edges, suggesting there were little rotation for the solution. All these features implied the model simulation result was acceptable.
